Abstract. Based on the floor heave mechanism in gob-side entry retaining, mechanical model of floor beam in gob-side entry retaining is established. By using the reciprocal theorem, the deflection formula of floor in gob-side entry retaining is derived. The calculated result shows that calculated deflection curve is in accordance with the deformation characteristics of roadway in gob-side entry retaining. The calculated result also shows that the maximum deformation of the floor increases with the increase of the widths of roadway, filling body and limit equilibrium zone of coal side. Finally, measures to control floor heave in gob-side entry retaining is proposed, such as reduction of roadway width and enhance coal-side support.
Introduction
With the increasing of mining depth and mining strength in coal mines, the relative gas emission amount of working face increases, therefore the traditional U type ventilation cannot solve the problems that gas often overruns at the upper corner. But the Y type ventilation can solve the problem completely, and it is a key technology to realize coal and gas co-mining (YUAN 2010) . With the improvement of coal mining mechanization and the acceleration of mining speed, contradiction between excavation and maintenance is increasingly aggravating, so it puts forward a higher requirement for excavating velocity of mining gateway in deep mine. Gob-side entry retaining can improve contradiction between excavation and maintenance (YUAN 2008) .
Experts and scholars have obtained a lot of meaningful research achievements in gob-side entry retaining. The reliability analysis model of the support structure of gob-side entry retaining in fully-mechanized caving face was established and the calculating formulas of reliability of the support structure were obtained with the engineering structure reliability theory (ZHU 2006) . Based on the key strata theories in fully-mechanized top-coal caving mining face, the reasonable calculation formulas of the packing body supporting resistance are established (MA 2007) . YAN analyzes the stress distribution characteristics of the roof surrounding rock based on theoretical method in gob-side entry retaining, the support load calculation, the mechanics and technology mechanism, the key point and the technical characteristics of the bolt-mesh-anchor coupling support (YAN 2010). WEN built two kinds of structure model of gob-side retaining entry which are limited deformation and preset deformation (WEN 2011). Kan obtained the calculation formulas of roadside support resistance under three kinds of roof conditions (KAN 2011). LU studied the stress and deformation of the immediate roof subjected to given deformation of the main roof based on the displacement variation principle (LU 2011). Using Winkler elastic foundation theory, MA analyzed a part of the key stratum under the action of elastic foundation coupling problem, and derived deflection analytical expressions (MA 2011) . Based on the criterions of slip instability and rotation instability, the formula of roadside support resistance is derived (LI 2012). According to the structural mechanics model of gob-side entry retaining overlying strata, CHEN Yong analyzes the load and deformation characteristics of roadside support in the three stages and obtains supporting mechanism of roadside support (CHEN 2012). By using the principle of minimum potential energy, HUA established a mechanical model to calculate the deformation of the floor in gob-side entry retaining with large section in deep mine (HUA 2013) .
Researchers have paid much attention to overlying strata movement, calculation of support resistance, action relationship between support and surrounding rock in gob-side entry retaining. But few attentions were paid to the deformation of floor in gob-side entry retaining. Therefore, based on the heave mechanism in gob-side entry retaining, mechanical model of the floor was established, and deformation of the floor was calculated and analyzed by using reciprocal theorem.
Heave Mechanism in Gob-side Entry Retaining
Because of strong strata pressure behaviors in the working face during mining, the single hydraulic props are often used to support the roof before the workface. Therefore, the lateral resistance and stiffness of the floor is greatly reduced under the repeated disturbance of the advancing props. The stiffness of filling body is small than that of the props, thus when the props are removed, the pressure from the roof will transfer to the filling body and the coal side, then the pressure on the filling body and the coal side will increase. And it will lead to the deformation of the floor increasing. Its phenomenon is the heave of the floor. 
Mechanical Model of the Floor in Gob-side Entry Retaining
A plane is cut along the working face tendency, so the floor can be regarded as a beam with one unit width, which consists of three parts: under the limit equilibrium zone of coal side, the roadway and the filling body, respectively. And the left end of the beam can be look as fixed-end constraint. The right end of the beam can be regarded as pin support, because the floor outside the filling body will break under the shear action of filling body. The right part of the beam is subjected uniformly pressure from the filling body, and the left part of the beam is subjected linear load from the coal side. The bottom of the beam is also subjected supporting force from the deep rock mass, and it is simplified as uniformly load in the need of convenient calculation. All the forces in horizontal direction of the beam are neglected. Figure 2 is a sketch of mechanical model the floor in gob-side entry retaining.
Deflection Curve Equation of Floor Beam in Gob-side Entry Retaining
The beam in Figure 2 is a statically indeterminate beam structure with one redundant constraint.
Remove the right-hand pin support, and apply a point load X1 at the right end of the cantilever, so the equivalent system is obtained in Figure 3 . And the basic system can be established, as shown in Figure  4 . The deflection of the beam can be obtained, with the use of the reciprocal theorem between the equivalent system and the basic one (JING 1992). Basic solution of deflection is as follows based on mechanics of material: Equation (2) is the deflection of overhanging end:
Based on the reciprocal theorem, the deflection expression of right part of the beam can be obtained as follows: 
In the same way, the deflection expression in the roadway part and under the limit equilibrium zone of coal side can be obtained as follows:
where a is the width of the roadway, b is the width of the filling body, and R is the width of the limit equilibrium zone of coal side.
Calculation Example
The buried depth of the roadway is 800m. The widths of the roadway and the filling body are 5.0m and 2.5m, respectively. And the width of the limit equilibrium zone of coal side is 2m. The average thickness of the floor is 2.5m, and the elastic modulus of the floor is 300 MPa. The uniformly pressure from the filling body is 10.5 MN/m, and the supporting force from the deep rock mass is 7.5 MN/m. The residual strength of the coal side is 1 MPa. The stress concentration factor is 1.5.
According to the above parameters, the unknown force X 1 can be calculated by expression (4) . Then the deflection expression in the roadway part can be obtained and the deflection figures can be drawn by using mathematic software.
It can be seen from Figure 5 that the maximum floor heaves with widths of filling body at 1.5m, 2m, and 2.5m are 0.412m, 0.475m and 0.532m, respectively. It shows that the floor heave increases with the increasing of widths of filling body. It reveals that it is impossible to decrease the floor heave by increasing the width of filling body. It can be seen from Figure 6 that the maximum floor heaves with widths of roadway at 4m, 4.5m, and 5m are 0.299m, 0.405m and 0.532m, respectively. It shows that the floor heave increases rapidly with the increasing of widths of roadway. It reveals that if the width of roadway meets the requirement of ventilation and transportation, it need not be increased. Figure 7 shows that the maximum floor heaves with widths of the limit equilibrium zone of coal side at 1.5m, 2m, and 2.5m are 0.424m, 0.532m and 0.651m, respectively. It shows that the widths of the limit equilibrium zone of coal side have an obvious affect on floor heave. The floor heave increases rapidly with the increasing of widths of the limit equilibrium zone of coal side. Therefore, enhancing coal-side support can control floor heave in gob-side entry retaining.
Summary
(1) Based on the floor heave mechanism in gob-side entry retaining, mechanical model of floor beam in gob-side entry retaining is established. By using the reciprocal theorem, the floor deflection expression of gob-side entry retaining is derived. The calculated result shows that it is in accordance with the deformation characteristics of roadway in gob-side entry retaining.
(2) The calculated result shows that the maximum deformation of the floor increases with the increase of the widths of roadway, filling body and coal side limit equilibrium zone the beam.
(3) Based on the floor heave mechanism and mechanical model of floor beam in gob-side entry retaining, reduction of roadway width and enhance coal-side support to control floor heave in gob-side entry retaining is raised.
